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ABSTRACT 

Many  bacteria  use  homoserine  lactone  (HSL)  quorum-sensing  (QS)  signals  to  communicate  and  to  control  gene  expression  in  a  cell-density 
dependent  manner.  Durinh  this  project  we  completed  a  first  set  of  fundamental  studies  of  a  new  p-coumaroyl-HSL  (pC-HSL)  microbial 
communication  system.  This  system  of  communication  was  novel  when  it  was  discovered  because  it  is  not  based  on  fatty  acid  metabolism. 
We  were  also  interested  in  identifying  other  non-fatty  acid  acyl-HSL  systems  in  other  bacteria.  pC-HSL  is  detected  by  a  signal  receptor  and 
transcription  factor  named,  RpaR.  During  the  project  period  we:  1)  published  a  study  characterizing  RpaR,  2)  discovered  and  published  a 
description  of  an  RpaR  anti-sense  RNA  that  inhibits  rpaR  translation.  The  cis-RNA  represents  a  new  layer  of  regulation  that  can  be  brought 
to  bear  on  the  activity  of  a  QS  system  and  3)  published  a  study  describing  a  second  aryl-HSL  signal,  cinnamoyl-HSL,  produced  by  a 
photosynthetic  Bradyrhizobium  species.  The  cinnamoyl-HSL  QS  system  operates  at  1000-fold  lower  concentrations  than  do  other  QS 
systems.  Certain  features  of  this  system  allow  Bradyrhizobium  sp.  to  eavesdrop  on  other  bacteria  and  to  also  avoid  detection  by  other 
bacteria.  These  novel  signals  appear  to  control  biofilm  formation  by  the  bacteria  that  produce  them. 
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Scientific  Progress 

1 .  Statement  of  the  problems  to  be  studied. 

Quorum  sensing  is  a  term  used  to  describe  bacterial  cell-to-cell  communication  that  allows  cell-density-dependent  gene 
expression.  There  are  many  different  types  of  quorum  sensing-regulated  functions,  but  some  examples  are  antibiotic 
production,  biofilm  formation  and  production  of  tissue  destructive  enzymes.  Many  gram-negative  bacteria  use  acyl-HSL  signals 
for  quorum  sensing.  LuxI  proteins  synthesize  these  signals.  Until  recently,  all  the  signals  known  were  fatty  acyl-HSLs.  These 
signals  bind  to  LuxR-type  receptors  that  control  the  expression  of  specific  sets  of  genes.  A  few  years  ago  we  discovered  a  non¬ 
fatty  acyl-HSL  produced  by  the  photosynthetic  soil  bacterium  Rhodopseudomonas  palustris.  This  quorum  sensing  signal  is  p- 
coumaroyl-homoserine  lactone  (pC-HSL),  which  is  synthesized  by  the  Rpal  protein.  Rather  than  using  a  fatty  acyl  group  derived 
from  cellular  fatty  acid  metabolism,  Rpal  uses  an  environmental  source  of  a  monomeric  constituent  of  plant  lignin,  p-coumarate, 
for  signal  synthesis. 

Our  goal  for  this  project  was  to  complete  a  first  set  of  fundamental  studies  of  this  new  microbial  communication  system.  We  are 
also  interested  in  identifying  other  non-fatty  acid  acyl-HSL  systems  in  other  bacteria. 

2.  Summary  of  the  most  important  results. 

In  the  project  we  made  significant  progress  on  three  fronts. 

1.  We  published  a  study  characterizing  the  pC-HSL  responsive  transcription  factor  RpaR  (Hirakawa  et  al,  J.  Bacteriol.  193: 
2598-2607).  This  involved  purifying  the  RpaR  protein,  characterizing  its  pC-HSL-binding  activity  and  determining  the  DMA 
sequence  to  which  it  binds.  We  also  developed  RNAseq  methods  to  identify  genes  whose  transcription  is  controlled  by  RpaR. 

2.  We  published  a  study  characterizing  an  antisense  RNA  that  modulates  pC-HSL  quorum  sensing.  (Hirakawa  et  al.,  Proc.  Natl. 
Acad.  Sci.  109:12141-6)  In  the  course  of  using  RNAseq  methods  to  analyze  the  influence  of  quorum  sensing  on  the 
transcriptome  of  R.  palustris,  we  found  that  the  most  strongly  RpaR-activated  RNA  was  an  rpaR  antisense  transcript.  This  cis- 
RNA  is  approximately  300-450  bases  in  length.  Transcription  of  the  rpaR  cis-RNA  depends  on  pC-HSL  and  RpaR  and  an 
RpaR-binding  site.  We  used  a  plasmid  to  over  express  the  cis-RNA  and  showed  that  over  expression  reduced  RpaR  levels,  rpal 
expression  and  pC-HSL  production.  We  conclude  that  the  cis-RNA  inhibits  rpaR  translation,  and  this  results  in  suppression  of 
RpaR-dependent  rpal  expression  and  thus  pC-HSL  production.  We  presume  that  the  cis-RNA  is  functioning  via  base  pairing 
with  rpaR  transcripts.  The  cis-RNA  represents  a  new  layer  of  regulation  that  can  be  brought  to  bear  on  the  activity  of  a  LuxR- 
type  transcription  factor  and  represents  an  example  of  an  antisense  RNA  where  a  clear  function  has  been  established. 

3.  We  published  a  study  describing  a  second  aryl-HSL  signal,  cinnamoyl-HSL,  produced  by  a  photosynthetic  Bradyrhizobium 
species.  (Algren  et  al.,  Proc.  Natl.  Acad.  Sci.,  108:7183-7188).  This  molecule  differs  from  pC-HSL  in  that  there  is  not  a  hydroxyl 
group  on  the  aromatic  ring.  A  surprising  feature  of  the  cinnamoyl-HSL-directed  photosynthetic  Bradyrhizobium  quorum  sensing 
system  is  that  operates  with  cinnamoyl-HSL  at  1000-fold  lower  concentrations  (picomolar)  than  do  other  quorum  sensing 
systems  and  thus  is  ultrasensitive.  At  the  same  time  this  system  can  respond  to  noncognate  acyl-HSLs  in  the  range  of 
nanomolar  to  millimolar.  This  is  within  the  range  of  signals  produced  by  cultures  of  other  bacteria.  This  raises  the  possibility  that 
in  certain  soil  habitats  the  Bradyrhizobium  might  respond  to  signals  produced  by  other  species  (be  able  to  eavesdrop),  while  at 
the  same  time  avoiding  detection  by  other  bacteria. 
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